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(54) Antenna tor radio frequency Identification 

(57) An antenna (101 ) is provided in a shape tfiat is 
adapted to be integrated and compact. Tiie antenna 
(101) is connected to an IC chip (103) that performs 



wireless identification and includes a slit (1 02) that sep- 
arates two connection points (104,105) for the IC chip 
(1 03). The slit (1 02) has a length of approximately 3 mm 
and a width in the range of 0.8 mm to 1 .4 mm. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an antenna for radio s 
frequency identification that performs wireless identifi- 
cation, in particular, nniniaturization thereof. 
[0002] Conventionally, a technology has been pro- 
posed with which impedance matching of an antenna 
for radio frequency identification (RFID) is established io 
using an antenna pattern existing parallel to a main an- 
tenna. Generally, the highest efficiency is attained with 
an antenna having a length that is half of the wavelength 
of the frequency (X/2) used and there is also a case 
where a X/4 grounded antenna is used for the sake of 15 
miniaturization of a device (refer to US 6100804 B), 

SUMMARY OF THE INVENTION 

[0003] In the conventional technique described 20 
above, however, an antenna is constructed of plural 
separated antenna patterns, thereby being difficult to re- 
alize a compact antenna using such a construction. 
[0004] RFID is attached to merchandise or a product 
so that merchandise control, product quality control, or 25 
the like is performed by utilizing the ID number or the 
like possessed by the RFID. Under the Radio Law in 
Japan, the main frequency bands that the RFID can use 
are 2.45 GHz, 1 3.56 MHz, and 1 25 kHz. Even when 2.45 
GHz is used, its half-wavelength is approximately 6 cm. 30 
Thus, when importance is placed on the efficiency of an 
antenna, the size of the antenna becomes as large as 
approximately 6 cm. 

[0005] Here, the size (length, width) of the RFID is de- 
termined by the size of the antenna, which results in a 35 
situation where the size of the RFID exceeds the size of 
merchandise or a product to which the RFID is to be 
attached, assuming that the merchandise or product is 
a small object such as a medicine bottle, Such a situa- 
tion where the size of the RFID exceeds the size of the 4o 
merchandise or product, to which the RFID is to be at- 
tached, is not preferable because there occur various 
problems in that the RFID is peeled off during produc- 
tion, distribution, transportation, or the like of the mer- 
chandise or product. 45 
[0006] Accordingly it is desired to devise an antenna 
that can be unified and compact. It is therefore an object 
of this invention to reduce the size of an antenna, there- 
by achieving a reduction in size of the RFID itself using 
the antenna, and providing the RFID or the like that does so 
not exceed the size of an object to which the RFID or 
the like is to be attached. 

[0007] According to an embodiment of this invention, 
an antenna connected to an IC chip that performs wire- 
less identification, includes a slit that separates two con- ss 
nection points with respect to the IC chip, in which, the 
length of the slit is approximately 3 mm; and the width 
of the slit is in a range of 0.8 mm to 1 .4 mm. 



[0008] In another view point, according to the embod- 
iment of this invention, an antenna connected to an IC 
chip that perfomis wireless identification, comprising a 
slit that separates two connection points with respect to 
the IC chip, in which, the length of the slit Is in a range 
of 2.4 mm to 3.0 mm, the width of the silt is in a range 
of 1 . 0 mm to 1 .4 mm , and the area of the slit is in a range 
of 3.0 mm2 to 4.2 mm^. 

[0009] In another view point, according to the embod- 
iment of this invention, an antenna connected to an IC 
chip that perfonns wireless identification, comprising a 
slit that separates two connection points with respect to 
the IC chip, in which the length and the width of the slit 
are approximately equal to each other, and the length 
and the width of the slit each is in a range of 2.0 mm to 
2.4 mm. 

[0010] According to the embodiment of this invention, 
it is possible to produce an integrated and compact an- 
tenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention can be appreciated by 
the description which follows in conjunction with the fol- 
lowing figures, wherein: 

FIG. 1 A is a plane view of RFID using an antenna 
according to a first embodiment of this invention. 
FIG. 1 B is a cross-sectional view of the RFID taken 
along the line A-A' shown in FIG. 1 A. 
FIG. 2 Is a block diagram showing a construction of 
the RFID according to the embodiment of this In- 
vention. 

FIG. 3 is a block diagram showing the principle of 
operation of the antenna for the RFID according to 
the embodiment of this invention. 
FIG. 4 Is a characteristic diagram of the antenna for 
the RFID according to the embodiment of this in- 
vention. 

FIG, 5 is another characteristic diagram of the an- 
tenna for the RFID according to the embodiment of 
this invention. 

FIG. 6A is a plane view of RFID using an antenna 
according to a second embodiment of this inven- 
tion. 

FIG. 6B is a cross-sectional view of the RFID taken 
along the line A-A' shown in FIG. 6A. 
FIG, 7A is a plane view of RFID using an antenna 
according to a modification of the second embodi- 
ment of this invention. 

FIG. 7B is a cross-sectional view of the RFID taken 
along the line A-A' shown in FIG, 7A. 
FIG. 8A is a plane view of RFID using an antenna 
according to a third embodiment of this invention. 
FIG. SB is a cross-sectlonal view of the RFID taken 
along the line A-A' shown in FIG, 8A. 
FIG. 9 is a perspective view of RFID using an an- 
tenna according to a fourth embodiment of this in- 



3 



BNSDOCI D: <EP 1 538560A2_L> 



3 



BP 1 338 5SD A2 



4 



vention. 

FIG. 1 0A is a plane view of RFID using an antenna 
according to a fifth enribodiment of tiiis invention. 
FIG. 1 0B is a cross-sectional view of the RFID tal<en 
along the line A-A' shown In FiG. 10A. 
FIG. 11 is an explanatory diagram of a method of 
producing the RFID using the antenna according to 
the fifth embodiment of this Invention. 
FIG. 12 is a plane view of RFID using an antenna 
according to a sixth embodiment of this invention. 
FIG. 13A is a plane view of RFID using an antenna 
according to a seventh embodiment of this inven- 
tion. 

FIG. 1 3B is a cross-sectional view of the RFID tal<en 
along the line A-A' shown In FIG. 13A. 
FIG. 14A is a plane view of RFID using an antenna 
according to an eighth embodiment of this inven- 
tion. 

FIG. 14Bis an A-A' cross-sectional view of the RFID 
shown in FIG. 14A. 

FIG. 15 is a perspective view of an embodiment 
where the RFID according to the embodiments of 
this Invention is affixed to a receiving container. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] When the size of an antenna is set smallerthan 
the half -wavelength of the frequency used, due to the 
properties thereof, it is impossible to obtain a resonant 
condition so that efficient transmission and reception 
cannot be performed using effectively the maximum 
electric power. Also, it is required to pass electric power 
with efficiency at a connection from a high-frequency 
output circuit to an antenna and to prevent a radio wave 
reflection problem from occurring. Therefore, in an em- 
bodiment of this invention, a demerit resulting from a sit- 
uation where no resonance is obtained due to a reduc- 
tion In size of an antenna to less than a half-wavelength 
is compensated for by matching the impedance of the 
circuit (which is typically a semiconductor integrated cir- 
cuit) of RFID to that of the antenna. 
[001 3] The embodiments of this invention will now be 
described with reference to the accompanying draw- 
ings. 

[0014] FIG. 1A is a plane view of RFID using an an- 
tenna according to a first embodiment of this Invention 
and FIG. 1B is a cross-sectional view taken along the 
line A-A' of FIG. 1A. 

[0015] An antenna 101 Is formed on a base film 106 

using a conductive pattern and a slit 102 Is established 
In the antenna 101 An RFID chip 103 is provided with 
a first bump 1 04 and a second bump 1 05 and the RFID 
chip 103 and the antenna 101 are connected to each 
other through the bumps 104 and 105 serving as con- 
nection points. The impedance between the bumps 1 04 
and 105 (input impedance of the RFID chip 103) is ad- 
justed to 60 Q at 2.45 GHz, for instance. It should be 



noted that a construction may also be used In which the 
length of the antenna is shortened by using a high-die- 
lectric-constant base material as the base film 1 06. 
[0016] In the embodiment of this Invention, by provid- 
5 ing the antenna 1 01 with the slit 1 02, impedance match- 
ing between the antenna 1 01 and the RFID chip 1 03 is 
established. 

[0017] When a microwave of 2.45 GHz is irradiated to 
the antenna 101 , a high-frequency current is caused to 

10 flow through the antenna 101. Under this state, when 
matching is established between the Input impedance 
(60 Q) of the RFID chip 103 and the impedance of the 
antenna, the high-frequency current flowing through the 
antenna 1 01 can be supplied to the RFID chip 1 03 with 

15 the highest efficiency. On the other hand, when the 
matching between the input impedance of the RFID chip 
103 and the Impedance of the antenna is incomplete, 
as the high-frequency current is reflected at the connec- 
tion points (bumps 104 and 105) therebetween, suffi- 

20 cient energy cannot be supplied to the RFID chip 1 03 to 
operate. As a result, the strength of a signal inputted 
into the RFID chip 103 is weakened. 
[001 8] FIG. 2 is a block diagram showing a construc- 
tion of the RFID according to the embodiment of this In- 

25 vention. 

[0019] The RFID chip 103 Includes a rectifier circuit 
302, a clock extracting circuit 303, a load switch 304, 
and a counter/memory circuit 305. 
[0020] The antenna 101 is connected to the rectifier 

30 circuit 302. The high-frequency current flowing through 
the antenna 1 01 Is rectified by the rectifier circuit 302 
and then is inputted into the clock extracting circuit 303. 
In the clock extracting circuit 303, a clock width and a 
clock interval are extracted from a high-frequency car- 

35 rier with precision. An extracted low-frequency clock 
pulse Is inputted into the counter/memory circuit 305, 
which then performs processing such as certification of 
the RFID. 

[0021] An output from the counter/memory circuit 305 

40 is inputted Into the load switch 304. The load switch 304 
Is a switching device composed of MOSFETs and per- 
forms load modulation by changing impedance with re- 
spect to the antenna 101 (impedance between the 
bumps 1 04 and 1 05). A modulated signal is transmitted 

45 from the antenna 101 to a reader for the RFID as data. 
[0022] The input Impedance of the rectifier circuit 302 
Is determined by the value of its Internal load, in other 
words, the scheme adopted by the rectifier circuit 302, 
the shape of rectifiers, the parasitic effect of the rectifier 

50 circuit, and the like. In the high-frequency rectifier circuit 
302, Its parasitic capacitance is a significant Impedance 
factor. Therefore, when the matching between the an- 
tenna 1 01 and the rectifier circuit 302 is insufficient, the 
energy from the antenna 1 01 Is not sufficiently supplied 

55 to the rectifier circuit 302. In order to establish matching 
at a high frequency, an antenna line is required to be 
dealt with as a distributed constant circuit. It is also re- 
quired that the antenna 101 functions not only as a res- 
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onant circuit but also as a matching circuit for the fiigh- 
frequency current to the RFID chip. In this case, the 
matching nneans a situation where the high-frequency 
current is inputted from the antenna 1 01 to the RF!D chip 
103 without being reflected In a transition portion to a s 
different system (connection points between the anten- 
na 101 and the RFID chip 103), 

[0023] Therefore, it is required to provide the antenna 
with a matching circuit. In the embodiment of this inven- 
tion, the slit 1 02 is formed In a terminal portion (between io 
the bumps 104 and 105) of the RFID chip 103. In other 
words, It is required that the RFID chip 103 is provided 
at an end portion of the slit 102. This slit 102 is at the 
same voltage in terms of a direct current. A current, how- 
ever, flows In an alternating manner, so a shape of the is 
slit 1 02 Is important. The sHt 1 02 forms a current distrib- 
uted constant circuit with respect to the input temilnals 
(bumps 1 04 and 1 05) of the RFID chip 1 03. 
[0024] FIG. 3 is a block diagram showing the principle 
of operation of the antenna for the RFID according to 20 
the embodiment of this Invention and shows the equiv- 
alent circuit of the slit 1 02 when the antenna 1 01 Is con- 
nected to the RFID chip 103. 

[0025] The slit 102 constitutes the distributed con- 
stant circuit, an Inductance L exists along a slit length, 25 
and a capacitance C exists inversely proportional to a 
slit width. The characteristic impedance of the distribut- 
ed constant circuit is expressed by a square root found 
by dividing the inductance L by the capacitance C. Con- 
sequently, the slit length Is in an approximately propor- so 
tional relation with the Inductance L and when the slit 
length is lengthen, the inductance L is increased. The 
slit width is In an approximately Inversely proportional 
relation with the capacitance C and when the slit width 
is widened, the capacitance C is decreased. 35 
[0026] When matching is established by setting the 
terminals of the distributed constant circuit so as to have 
the same impedance, energy can be transmitted without 
reflection. When the slit width is Increased, the capaci- 
tance C is decreased. Accordingly, in order to maintain 40 
the characteristic impedance at the same level, it is re- 
quired to decrease the inductance L by electrically short- 
ening the slit length. 

[0027] Even when the Input impedance of the RFID 
chip Is changed, impedance matching can be estab- 45 
lished by freely adjusting matching based on the slit 
length and the slit width in the manner described above. 
Also, when the slit length is short, a compact antenna 
can be easily realized. Further, with the large slit width, 
production accuracy is not need to be very high (alumi- so 
num punching becomes usable, for Instance), thereby 
mal<lng it possible to produce an antenna at a low price. 
[0028] FIG. 4 is a characteristic diagram of the anten- 
na for the RFID according to the embodiment of this in- 
vention and shows results of an experiment where a 55 
communication distance between the antenna of the 
reader and the RFID is measured while changing the 
slit length and the slit width ofthe antenna shown In FIG. 



1. 

[0029] In FfG. 4, results obtained by setting the slit 
length to 3 mm, 4 mm, and 5 mm are shown in the dia- 
gram. It can be understood from this diagram that as the 
slit length is shortened, the slit width, with which the 
maximum communication distance is obtained, is in- 
creased and the range of the slit width where the max- 
imum communication distance (250 mm) is obtained 
with stability is widened. Also, as described with FIG. 3, 
when the slit width is widened to reduce the capacitance 
C, it is required to reduce inductance L in order to main- 
tain the characteristic impedance at the same level. In 
other words, it is required to electromagnetically shorten 
the slit length, which matches with the measurement da- 
ta in FIG. 4. In FIG. 4, the maximum communication dis- 
tance is saturated at 250 mm, which is not due to the 
antenna shape, but due to factors, such as an output 
from the reader, and the like. 

[0030] In this Invention, adjustment ofthe size (length 
and width) of the slit in order to establish impedance 
matching makes it possible to construct a compact an- 
tenna. In other words, unlike in the conventional case, 
it is not required to use a pattern separated from an an- 
tenna element, so an antenna can be constructed as 
being integrated, rectangular, and compact. Further, by 
increasing the slit width, theslit length can be shortened 
miniaturize the antenna. This means that it is possible 
to shorten the whole ofthe antenna, and important con- 
ditions for constructing a compact antenna with this in- 
vention have been determined. It can be understood 
from FIG. 4 that the communication distance is stabi- 
lized with the slit width of 04 mm or more. 
[0031] FIG. 5 Is another characteristic diagram of the 
antenna for the RFID according to the embodiment of 
this invention and shows the measurement data shown 
in FIG. 4 as a relation between the slit width and the slit 
length. 

[0032] FIG. 5 shows a region where a communication 
distance of 200 mm is obtained and a region where the 
maximum communication distance (250 mm) is ob- 
tained. 

[0033] It can be understood from FIG. 5 that it is pos- 
sible to increase the slit width by shortening the slit 
length. In addition, it also can be understood that when 
the slit length is shortened, the allowable range of the 
slit width is widened. This is conceivably because a strict 
distributed constant circuit becomes a mixed mod&l of 
a distributed constant circuit and a concentrated con- 
stant circuit, as the slit width is required to be widened 
with the slit length shortened. 

[0034] More specifically when the slit length is 5 mm, 
It is required to construct the antenna under a severe 
condition where the slit width is 0.4 mm while the size 
the antenna being set so as to have a length that is equal 
to or more than the slit length (5 mm). On the other hand, 
when the slit length is 3 mm, it is possible to obtain the 
maximum communication distance with theslit width be- 
tween 1 .0 mm and 1 .4 mm. As a result, it is possible to 
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produce a compact antenna with alleviated production 
accuracy, using econonnical specifications, and at low 
cost. 

[0035] As shown in FIG. 6A to FIG. 8B, the area of the 
antenna is the sum total of the area of a conductor form- 
ing the antenna and the area of the slit. By setting a slit 
size with the slit length being 2.4 mm through 3.0 mm, 
the slit width being 1 .0 mm through 1 .4 mm, and the slit 
area being 3.0 mm through 4.2 mm, a compact antenna 
can be produced with maximum size (length or width) 
being 3.0 mm or less, while obtaining the maximum 
communication distance or a communication distance 
close to maximum. 

[0036] Also, as shown in FIG. 5 to FIG. 1 2, the maxi- 
mum size (length or width) of the antenna according to 
the embodiment of this Invention is defined by the slit 
length and silt width thereof and Is determined by the 
size of greater one of the slit length and the slit width. 
[0037] In other words, when the slit length is greater 
than the slit width (slit length > slit width), the antenna 
length is greaterthan the antenna width (antenna length 
> antenna width) and the maximum size of the antenna 
is determined by the antenna length. In this case, for 
instance, the maximum size of the antenna is the sum 
total of the width of the conductor forming the antenna 
and the slit length. On the other hand, when the slit 
length is smaller than the slit width (slit length < slit 
width), the antenna length is smaller than the antenna 
width (antenna length < antenna width) and the maxi- 
mum size of the antenna Is determined by the antenna 
width. 

[0038] Accordingly, the maximum size of the antenna 
is to be the minimum at a point where the antenna length 
and the antenna width are equal to each other (antenna 
length = antenna width). In this case, for instance, the 
maximum size of the antenna Is the sum total of the 
width of the conductor forming the antenna and the slit 
width. In other words, the maximum size of the antenna 
becomes the minimum when the slit length and the slit 
width are set equal to each other In FIG. 13, an example 
of an antenna constructed in this manner is shown. Also, 
in FIG, 5, illustrated is a straight line expressing points 
where the slit length and the slit width are equal to each 
other. 

[0039] Consequently, when the slit is formed so as to 
have a slit size on the straight line expressing the points 
where the slit length and the slit width are equal to each 
other in the region shown in FIG. 5 where the maximum 
communication distance is obtained, or in other words, 
when the slit is formed so that the slit length and the slit 
width are equal to each other and is 2.0 mm through 2.4 
mm, the maximum size of the antenna becomes the 
minimum while the maximum communication distance 
being obtained. 

[0040] As can be understood from FIG. 5, by con- 
structing the antenna in the shape according to the first 
embodiment of this invention, it is possible to produce 
a RFID chip where the antenna is miniaturized and a 



practical communication distance is secured while man- 
aging a reduction in communication distance due to the 
miniaturization. In addition, miniaturization of the anten- 
na also makes it possible to miniaturize the RFID pro- 
5 vided with the antenna, which widens the range of ob- 
jects to which the RFID can be attached. For instance, 
the RFID can be attached to the lid portion of a small 
medicine bottle or the like. 

[0041] FIG. 6A is a plane view of RFID using an an- 

10 tenna according to a second embodiment of this inven- 
tion and FIG. 6B is a cross-sectional view tal<en along 
the line A-A' of FIG. 6A. 

[0042] The antenna according to the second embod- 
iment is a shortened antenna where the edge of the an- 

15 tenna is set close to the slit by narrowing the outer width 
of the antenna 501 (by setting the width of the conductor 
forming the antenna to 1 mm or less, for Instance). It 
should be noted that each construction element that 
functions in the same manner as In the first embodiment 

20 described above is given the same reference numeral 
and the detailed description thereof will be omitted. 
[0043] In the second embodiment, an antenna 501 Is 
formed by a conductive pattern on a base film 106 and 
a slit 102 is established in the antenna 501. Also, the 

25 antenna 501 is connected to a first bump 104 and a sec- 
ond bump 105 provided for an RFID chip 103. 
[0044] FIG, 7A is a plane view of RFID using an an- 
tenna as a modification according to the second embod- 
iment of this invention and FIG. 7B is a cross-sectional 

30 view taken along the line A-A' of FIG, 7A. 

[0045] In the modification according to the second 
embodiment, like in the first embodiment shown in FIG. 
6, an antenna 601 is formed by a conductive pattern on 
a base film 1 06 and a slit 602 is established in the an- 

35 tenna 601 . Also, the antenna 601 Is connected to a first 
bump 1 04 and a second bump 1 05 provided for an RFID 
chip 103. 

[0046] As described above, in the second embodi- 
ment, by narrowing the width of the electric conductor 

40 forming the outer portion of the antenna, the slit length 
can be shortened to make it further possible to minia- 
turize the antenna. Also, In the modification shown in 
FIG. 7, with the slit width 602 partially enlarged, it is pos- 
sible to further shorten the slit length to miniaturize the 

45 antenna. 

[0047] FIG. 8A is a plane view of RFID using an an- 
tenna according to a third embodiment of this invention 
and FIG. 88 is a cross-sectional view taken along the 
line A-A* of FIG. 8A. 

50 [0048] The antenna according to the third embodi- 
ment Is characterized in that a high-dielectric-constant 
cover sheet 702 is provided for the upper surface of the 
antenna 601 . It should be noted that each construction 
element that functions in the same manner as in the first 

55 or second embodiment described above is given the 
same reference numeral and the detailed description 
thereof will be omitted. 

[0049] In the third embodiment, an antenna 601 is 
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formed by a conductive pattern on a high-dielectric-con- 
stant base film 701 and a slit 602 is established in the 
antenna 601. Also, the antenna 601 is connected to a 
first bump 1 04 and a second bump 1 05 provided for an 
RFID chip 103. 

[0050] As described above, in the third embodiment, 
the high-dielectric-constant cover sheet 702 is provided 
so as to cover the upper surface of the antenna 601 and 
the antenna 601 is sandwiched between the high-die- 
lectric-constant base film 701 and the high-dielectric- 
constant cover sheet 702. With this construction, a 
wavelength shortening effect is produced, which makes 
it possibleto miniaturize the antenna without shortening 
the communication distance. 

[0051] FIG. 9 is a perspective view of RFID using an 
antenna according to a fourth embodiment of this inven- 
tion. 

[0052] The RFID according to the fourth embodiment 
is characterized in that a RFID chip 804 with electrodes 
provided on both surfaces thereof is used. It should be 
noted that each construction element that functions in 
the same manner as in the first through third embodi- 
ments described above is given the same reference nu- 
meral and the detailed description thereof will be omit- 
ted. 

[0053] An antenna 801 constituted of an electric con- 
ductor (conductive pattern provided on a base film, for 
instance) is provided with a slit 802 and a folded portion 
803 extending from the antenna conductor is folded to 
a position overlapping the antenna 801 . Also, the RFID 
chip 804 with electrodes provided on both surfaces 
thereof is arranged underthefolded portion 803. In other 
words, one end of the antenna 801 is connected to one 
of the electrodes provided on the both surfaces of the 
RFID chip 804 ?and one end of the folded portion 803 Is 
connected to the otherof the electrodes of the RFID chip 
804. 

[0054] Even with the structure according to the fourth 
embodiment, illustrated in. FIG. 4 Is the relation between 
the slit length and the silt width. In order to construct an 
antenna having a short antenna length, it is important to 
shorten the slit length and to widen the slit width. 
[0055] As described above, in the fourth embodiment, 
a sandwich structure is adopted in which the antenna 
801 Is folded and Is connected to the electrodes provid- 
ed on the both surfaces of the RFID chip 804, so It be- 
comes possible to produce a more compact antenna. 
[0056] FIG. 1 0A Is a plane view of RFID using an an- 
tenna according to a fifth embodiment of this Invention 
and FIG. 10B is a cross-sectional view taken along the 
lineA-A' of FIG. 10A. 

[0O57] The antenna for the RFID according to the fifth 
embodiment is characterized in that a slit is provided in 
a slanting direction. It should be noted that each con- 
struction element that functions in the same manner as 
in the first through fourth embodiments described above 
is given the same reference numeral and the detailed 
description thereof will be omitted. 



[0058] An antenna 910 through 911 provided on a 
base film 906 has a slit 802. The slit 802 constitutes a 
separation groove 908 by extending in a slanting direc- 
tion and separates the antenna into two end portions 
3 910 and 911. The end portion 91 0 of the antenna is con- 
nected to one of electrodes provided on the both surfac- 
es of an RFID chip 804. Also, the end portion 911 of the 
antenna is connected to a cover metal 903 provided for 
a cover film 904. 
10 [0059] The conductive cover metal 903 is provided on 
a lower surface of the cover film 904. A layer of aniso- 
tropic conductive adhesives 905 is provided between 
the base film 906 and the cover film 904 (between the 
antenna 910 through 91 1 and the cover metal 903). The 
15 anisotropic conductive adhesives 906 do not have con- 
ductivity under an ordinary state but exhibits conductiv- 
ity through application of a pressure in a direction In 
which the pressure is applied. Consequently, by apply- 
ing a pressure at a short point 909 provided on an an- 
20 tenna 911 side on the base film 906 (applying a pressure 
from a cover film 904 side as shown in FIG. 10, for in- 
stance), electrical continuity is established between the 
antenna 911 of the base film 906 and the cover metal 
903 of the cover film 904. 
2S [0060] One of the electrodes of the RFID chip 804 is 
connected to the end portion 91 0 of the antenna. Also, 
the other of the electrodes of the RFID chip 804 is con- 
nected to the cover metal 903 of the cover film 904. 
[0061 ] Even with the structure according to the fourth 
30 embodiment, illustrated In FIG. 4 is the relation between 
the slit length and the silt width. In order to construct an 
antenna having a short antenna length, it is Importantto 
shorten slit length and to widen the slit width. 
[0062] Next, by referring to FIG. 1 1 , a method of pre- 
ss ducing the RFID shown in FIGS. 10A and 10B will be 
described. 

[0063] First, plural RFID chips 804 are mounted at 
predetermined positions on the base film 906 where plu- 
ral antennas are continuously provided, and then the an- 

40 isotropic conductive adhesives 905 are arranged. Fol- 
lowing this, the cover film 904 where plural cover metals 
903 are continuously provided is overlaid on the base 
film 906 and the short points 909 are pressurized from 
the cover film 904 side. Finally, the base film 906 and 

45 the cover film 904 are cut along the lines C. In this man- 
ner, the RFID shown In FIGS. 1 0A and 1 0B is produced. 
[0064] As described above, in the fifth embodiment, 
providing the slit in a slanting direction makes it possible 
to increase the tolerance to displacements of the ar- 

50 rangement position of the RFID chip 804 and the posi- 
tion of the short point 909. As a result, the RFID can be 
supplied at a low price. 

[0065] FIG. 12 Is a plane view of RFID using an an- 
tenna according to a sixth embodiment of this invention. 
55 [0066] The antenna for the RFID according to the 
sixth embodiment is characterized in thatthe corner por- 
tions of the antenna according to the modification shown 
In FIG. 7 of the second embodiment are removed. It 
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should be noted that each construction elennent that 
functions in the same manner as in the first through fifth 
embodiments described above is given the same refer- 
ence numeral and the detailed description thereof will 
be omitted. 

[0067] In this sixth embodiment, like in the modifica- 
tion shown in FIG. 7 of the second embodiment, an an- 
tenna 601 is formed by a conductive pattern on a base 
film- 1 06 and a slit 602 Is established in the antenna 601 . 
in the sixth embodiment, even the corner portions 1 001 
of the antenna 601 are removed, a high-frequency cur- 
rent mainly flows in the vicinity of the center portion of 
the antenna 601 and does not flow in the corner portions 
of the antenna 601 . Therefore, even the corner portions 
of the antenna 601 are removed, no Influences are ex- 
erted on the performance of the antenna. Also, the an- 
tenna 601 is connected to a first bump 104 and a second 
bump 105 provided for an RFID chip 103. 
[0068] Even with the structure according to the sixth 
embodiment, illustrated in FIG. 4 is the relation between 
the slit length and the slit width. In order to construct an 
antenna having a short antenna length, it Is importantto 
shorten the slit length and widen the slit width. 
[0069] As described above, In the sixth embodiment, 
removing the corner portions of the antenna without ex- 
erting any influences on the performance of the antenna 
makes it possible to miniaturize the antenna so as to 
realize RFiD that can be attached in a narrow and small 
space. 

[0070] FIG. 13A is a plane view of RFID using an an- 
tenna according to a seventh embodiment of this Inven- 
tion and FIG. 13B is a cross-sectional view taken along 
the line A-A' of FIG. 13A. 

[0071 ] The antenna for the RFID according to the sev- 
enth embodiment is characterized in that It has a quad- 
rangular shaped. It should be noted that each construc- 
tion element that functions In the same manner as In the 
first through sixth embodiments described above is giv- 
en the same reference numeral and the detailed de- 
scription thereof will be omitted. 

[0072] in the seventh embodiment, an antenna 1 201 
having a quadrangular shape Is formed by a conductive 
pattern on a base film 1202 having a quadrangular 
shape and a slit having a quadrangular shape is estab- 
lished in the antenna 1201 . In other words, a shape Is 
used in which the length of the slit and the width of the 
slit are set equal to each other or approximately equal 
to each other Also, the antenna 1201 Is connected to a 
first bump 1 04 and a second bump 1 05 provided for an 
RFID chip 103. 

[0073] FIG. 14A is a plane view of RFID using an an- 
tenna according to a eighth embodiment of this inven- 
tion and FIG. 14B is a cross-sectional view taken along 
the line A-A' of FIG. 14A. 

[0074] The antenna for the RFID according to the 
eighth embodiment is characterized in that it has a cir- 
cular shape. It should be noted that each construction 
element that functions in the same manner as in the first 



through seventh embodiments described above is given 
the same reference numeral and the detailed descrip- 
tion thereof will be omitted. 

[0075] in the eighth embodiment, an antenna 1301 
5 having a circular shape is formed by a conductive pat- 
tern on a base film 1302 having a circular shape and a 
slit having a circularshape Is established In the antenna 
1301 . in other words, a shape Is used in which the length 
of the slit and the width of the slit are set equal to each 

io other or approximately equal to each other. Also, the an- 
tenna 1301 is connected to a first bump 104 and a sec- 
ond bump 106 provided for an RFID chip 103. 
[0076] Even with the structures according to the sev- 
enth and eighth embodiments, illustrated in FIG. 4 is the 

15 relation between the slit length and the slit width. In the 
seventh embodiment, the slit length and the slit width 
are set approximately equal to each other. In other 
words, in this invention, the shortening of the slit length 
is approximately equal to the widening of the slit width 

20 and the seventh embodiment is based on the essence 
of this invention. It should be noted that the circuit with 
the circular-shaped slit as in the eighth embodiment can 
be the equivalent circuit same as that with the quadran- 
gular-shaped slit. 

25 [0077] As described above, in the seventh and eighth 
embodiments, setting the slit length and the slit width 
approximately equal to each other makes It possible to 
miniaturize the antenna without exerting any influences 
on the performance of the antenna so as to realize RFID 

30 that can be attached in a narrow and small space. 
[0078] FIG. 15 is a perspective view of an embodi- 
ment where the RFID according to the embodiments of 
this Invention is affixed toa recelvingcontainer(e.g. bot- 
tle). 

55 [0079] An RFID chip provided with the compact an- 
tenna according to this invention is attached to a lid por- 
tion 1103 of the container. Containers (bottles) made of 
glass, plastic, or another material are used in various 
fields in order to store or keep various medicines orsam- 
40 pjes, although there Is a case where the mixing of for- 
eign matters into the contents, the chemical reaction of 
the contents, or the like occurs during production or 
keeping. Therefore, it is required to periodically check 
the contents during the production or keeping. In order 
45 to automatically register results of the check in a com- 
puter, it Is desirable that the container can be automat- 
ically Identified. Conventionally, for the sake of the au- 
tomatic Identification, a barcode, an IC chip for wireless 
identification, or the like were attached to such a con- 
50 tainer. In this case, however, when the container Is 
small, no space for affixation of a label for identification 
is found on the top surface or the bottom surface of the 
container and the label Is affixed to the periphery of the 
container, which leads to a problem that the label inter- 
ns feres with the observation of the contents. Withthe RFID 
chip using the compact antenna according to this inven- 
tion Is attached to the lid of the bottle no matter to which 
position a main body 1104 of the bottle is rotated, It is 



50 



55 



8 



vISDOCiD: <EP 1 538560A2_I_> 



13 



EP 1 538 560 A2 



14 



possible to read the chip with ease. 
[0080] The antenna according to this invention can be 
applied to an RFID chip. As the antenna can foe minia- 
turized, it is suitable to be provided for the RFID that 
should be compact for application to the merchandise 5 
management at stores, the identification of medicines 
or samples, tickets for transportation or entertainment, 
or the like. 

[0081] While the present invention has been de- 
scribed Hn detail and pictorially in the accompanying io 
drawings, the present invention is not limited to such de- 
tail but covers various obvious modifications and equiv- 
alent arrangements, which fall within the purview of the 
appended claims. 



Claims 

1. An antenna (101) connected to an IC chip (1 03) for 
wireless identification, comprising a slit (102) that 20 
separates two connection points (1 04, 1 05) with re- 
spect to the IC chip, wherein 

the length of the slit (102) is substantially 3 
mm, and 

the width of the slit (1 02) is in the range of 0.8 25 
mm to 1 .4 mm. 

2. An antenna (101) connected to an ICchip (103) that 
performs wireless identification, comprising a slit 
(102) that separates two connection points (104, 30 
105) with respect to the IC chip, wherein 

the length of the slit (102) Is In the range of 
2.4 mm to 3.0 mm, 

the width of the slit (1 02) Is in the range of 1 .0 
mm to 1 .4 mm, and 35 

the area of the slit (1 02) is in the range of 3.0 
mm^ to 4.2 mm^. 

3. An antenna (101) connected to an IC chip (1 03) that 
performs wireless identification, comprising a silt 4o 
(102) that separates two connection points (104, 

1 05) with respect to the IC chip, wherein the length 
and the width of the slit (1 02) are substantially equal 
to each other and are both in the range of 2.0 mm 
to 2.4 mm. 45 

4. The antenna (1 01 ) of Claim 1 . wherein 

the frequency of a radio wave irradiated to the 
antenna (101) is substantially 2.45 GHz, and 

the input impedance of the IC chip (103) is so 
substantially 60 Q. 

5. The antenna (601) of Claim 1, being formed be- 
tween a base film (701) and a cover film (702), 
wherein 55 

thecoverfilm (702) having an electric conduc- 
tor is provided on at least a part of the base film 
(701), 



the antenna (601) formed on the base film 

(701) and the electric conductor of the cover film 

(702) are connected at a short point, and 

the IC chip (103) is arranged between the 
base film (701 ) and the cover film (702) and is con- 
nected to both of them. 

6. The antenna (601) of Claim 5, wherein the antenna 
formed on the base film (701) and the electric con- 
ductor of the cover film (702) are connected at the 
short point by the anisotropic conductive adhesives 
arranged between the base film (701) and the cover 
film (702). 

7. The antenna (801 ) of Claim 1 , wherein 

the antenna (801) has an extending folded 
portion (803), 

the folded portion (803) is folded to a position 
overlapping the antenna (801), 

the IC chip (804) has terminals for connection 
on its both surfaces, and 

the antenna (801 ) and the folded portion (803) 
are connected to the IC chip (804). 

8. The antenna (910) of Claim 1 , which is formed on 
a high-dielectric-constant base film (906) and cov- 
ered with a high-dielectric-constant cover sheet 
(904). 

9. The antenna (601) of Claim 1, which has a square 
shape with corner portions (1001) of the antenna 
(601) being removed in a slanting direction. 

10. A radio frequency Identifier comprising the antenna 
(101) of Claim 1. 

11. A container for holding a powder or a Hquld, includ- 
ing a radio frequency identifier comprising the an- 
tenna (1201) of claim 1 , wherein the radio frequency 
identifier is provided in a main body portion (1104) 
or a lid portion (1 1 03) of the container. 
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